to-sample (DNMS) memory task. In that report, it was shown that cells classified primarily on the basis of their temporal firing characteristics accounted for the total number of task-relevant features in the DNMS task, each Summary cell type differentially encoding a given task phase or event. However, the necessity of such task-related enIn this study we describe how the hippocampus and subiculum act in concert to encode information in a coding could only be determined via trial-by-trial assessment requiring more sensitive analyses. Here, we spatial delayed-nonmatch-to-sample (DNMS) task. This encoding was functionally partitioned between demonstrate that trial-specific information is encoded in a complementary manner in these two structures and neurons within subiculum and hippocampus to uniquely identify trial-specific information accounting that such encoding accounts for nearly all the variations in DNMS task performance. The delay dependence of for both spatial and temporal constraints on performance within and between trials. Encoding by subicu-DNMS performance on a normally operating hippocampus and subiculum has been demonstrated previously lar neurons in the task was normally accurate and specific, but only if delays were shorter than 15 s, 
Number of animals ϭ 25 F(1,398) ϭ 2.09, N.S.], and hippocampal ensembles sigtrial, each of the above hippocampal cell types (SC and NC) was specifically "tuned" to a particular lever position nificantly increased firing if the delay was Ͼ15 s [ensemble mean: delays Ͼ15 s, 3.9 Ϯ 0.2 Hz, versus baseline; (Table 1) in that the maximum firing for a given cell occurred on either a left or right lever press. This ten-F(1,398) ϭ 13.7, p Ͻ 0.001]. We did not record cells in CA1 that showed the same early-delay firing as in the dency to fire to "conjunctions" of temporal and spatial features of the task has been reported previously by subiculum, nor did any subicular cells accelerate firing in the late delay phase in the same manner as hippocamourselves (Hampson et al., 1999b (Hampson et al., , 2002 Hampson and Deadwyler, 1996 , 1998 , 2003 and others (Eichenbaum, pal cell types, indicating that these cell types were recorded from functionally diverse brain areas. Since hip-1993; Wiener et al., 1989; Otto and Eichenbaum, 1992). The most unique trial-specific cells were the hippopocampal ensemble activity increased to well above baseline at delays Ͼ15 s ( Figure 1B ) and performance campal Trial-type cells. These neurons fired in all three phases of the DNMS task, i.e., sample, late delay (Ͼ15 s), decreased linearly at these same delays ( Figure 1A) , the specific role of hippocampus in the task was unclear and nonmatch phase ( Figure 1C) ). An imporcantly on the same trial. Hence, firing of all trial-specific tant finding, however, was that not all task-related neucell types in either hippocampus or subiculum could be rons in either the subiculum or the hippocampus exhibclassified as either appropriate (A) or inappropriate (I) ited significant firing rate changes in relation to DNMS for a given event or trial, depending upon whether the performance on a given trial. Rather, some neurons were tuned firing matched (A) or was opposite to (I) the behavclassified as "event-specific" because they fired whenioral events or contingencies on a given trial ( Figure 1A ). ever a particular event (i.e., left lever press) occurred in the task irrespective of performance accuracy (Hampson (Table 1) . S/N cells also exhibited a second firing peak during the lever press in was controlled by the peak firing rate achieved by SC and Trial-type cells in the sample phase of the same trial. the nonmatch phase of the task ( Figure 1C) .
Performance-related cells in the hippocampal CA1 This "within-trial" dynamic is illustrated by the stylized curves in Figure 2A . If peak firing in the sample phase region included sample-conjunctive (SC) cells that fired only during the sample phase of the task and nonmatchwas low (blue firing trajectory in Figure 2A) Figure 2A ) and therefore achieved higher firing rates at all delay intervals.
The behavioral contingency of the DNMS task specified a lever press in the nonmatch phase that was opposite the sample phase response. On correct trials, therefore, the controlled acceleration of firing in the delay consisted of the appropriate (A) Trial-type and NC cells tuned to fire to a lever position that was opposite to that which SC cells fired during the sample phase of the same trial. Hippocampal Trial-type cells were therefore unique since they fired with opposite spatial position correlates in separate phases of the trial, and if appropriate (A), they provided the sustained logical representation necessary to satisfy the nonmatch behavioral contingency. Thus, on any given trial, three types of CA1 neurons exhibited significant firing peaks associated with performance: an SC cell appropriate to the sample lever position; an NC cell tuned to fire in the delay and in the nonmatch phase to the opposite lever; and a Trialtype cell that fired in the sample (as the SC cell) as well as the delay and nonmatch phases (as the NC cell).
Between-Trial Firing Dynamics
In previous reports, we have indicated that prior trial outcomes can influence both behavioral and hippocampal cell firing correlates during performance of the next trial (Hampson and Deadwyler, 1996, 1998; Hampson et al., 1999a). In the current analysis, it was confirmed that prior trial firing rates had a significant influence on subicular and hippocampal cell discharges on the next trial [overall correlation, influence of prior trial rate, subiculum: r 2 ϭ 0.62; F(7,398) ϭ 9.82, p Ͻ 0.001; hippocampus: r 2 ϭ 0.71; F(7,398) ϭ 13.36, p Ͻ 0.001]. The following three factors were determined to influence firing rate on Figure 4A, bar graph) , near maximum. The differences for Trial-type cell firing shown in Figure 4B were also consistent for hippocam-A versus I cell firing remained sufficiently differentiated to be behaviorally significant over all delay intervals pal NC cells (not shown). The breakout of the four major prior trial conditions in Figure 4B identifies the basis for Յ15 s [asterisks in line graph, *F(1,398) Ն 6.7, p Ͻ 0.01]. This accounts for the fact that correct performance was the mean differences between Trial-type cell A and I firing shown in Figure 4A . maintained at 77.4% Ϯ 5.3% over these same trials ( Figure 1A) . The bar graph in Figure 4A Figures 1B and 4A) . deficits in the capacity to perform more than one type of trial even at short (5-10 s) delays (Hampson et al.,
The mechanism for encoding the DNMS task therefore consisted of "switching" between two different but 1999a). The current analysis explains why animals in that study that sustained damage to both subiculum highly tuned networks in subiculum and hippocampus. The networks exhibited temporal firing patterns within and hippocampus exhibited more severe deficits in the task than animals with only hippocampal removal. Fi (Table 1) . Firing rates The DNMS paradigm is shown in Figure 1A and was identical to of individual cell types were sorted by events or trials into categories, that described previously (Hampson and Deadwyler, 2003). Animals then examined statistically for differences with respect to position, were water restricted (20-22 hr) and allowed free access to food delay, prior trial, or behavioral performance. Statistical assessments for maintenance at 85%-90% ad lib body weight throughout DNMS utilized adjusted pairwise contrasts from the overall ANOVA for inditraining and testing. DNMS trials consisted of three main phases vidual comparisons. (Figure 1A) . First was the sample phase, in which either the left or right lever (50% probability) was extended. The animal responded
